We identified an effect of theanine on memory functions in a novel object test. Rats were fed theanine for 3 weeks ad libitum, and then they performed the object test. The theanine-fed group performed search behavior for the novel object in the test session. The results suggest that theanine-fed rats showed improved recognition, and that theanine affected learning and memory.
Theanine, -glutamylethylamide, is one of the major amino acid components in green tea. It can pass through the blood-brain barrier. 1) Some reports have suggested that theanine affects neurotransmission in the central nervous system (CNS). In one study, intraperitoneal administration of theanine inhibited the convulsive action of caffeine and increased the intracerebral level of GABA in mice. 2) In another, theanine decreased the norepinephrine level in the rat brain, and inhibited the effects of caffeine on serotonin neurotransmission in rats.
3) Administration of theanine decreased the serotonin concentration and increased the tryptophan concentration in the rat brain. 4) Other reports have indicated that theanine binds to glutamate receptors and mediates glutamate neurotransmission. 5, 6) Glutamate is a major neurotransmitter in mammals, and the stimulus it gives is very important in learning and memory, 7, 8) but, there have been few reports about the effect of theanine on behavior in instance learning and emotion. Behavior tests relating to learning and memory have been adopted in recent studies, such as the Morris water maze test and the passive avoidance test, but these tests involve various factors, such as fear and locomotor activity. Hence we carried out a novel-object test, which measures visual memory by applying the exploratory instinct to the novel object.
Three-week-old male Wistar-strain rats (65-75 g in weight; SLC, Shizuoka, Japan) were kept in pairs in a temperature-and humidity-controlled room (24 AE 1 C and 55 AE 3% relative humidity) under regular lighting conditions (12 h light, 07:00-19:00; dark, 19:00-07:00). This experiment was carried out in accordance with the ''Guidelines for the Care and Use of Laboratory Animals'' of the University of Shizuoka which refer to the American Association for Laboratory Animals Science. Rats were separated into two groups. Theaninefed rats (n ¼ 8) were fed 2% theanine with water. The control group rats (n ¼ 8) were given tap water. Both groups were fed drinking water ad libitum. The rats were reared for 3 weeks on this to drink.
The average amount of theanine consumption was 400 mg/d, and there was no difference in water intake between the two groups ( Fig. 1 ). The novel-object test was performed by the method of Tang et al.
9) The test was performed at 21:00-01:00, and the room light was set in 0.62-0.63 luces. An open-field box (70 cm Â 70 cm Â 50 cm high) was used. During the training session, two novel objects were placed in the open field, and the animal was allowed to explore for 5 min. The time spent exploring each object was recorded. The y To whom correspondence should be addressed. Fax: +81-54-263-7079; E-mail: yokogosi@u-shizuoka-ken.ac.jp training session was carried out for 3 consecutive days. During the retention test, the animal was placed back in the same box, in which one of the familiar objects used in training was replaced with a novel object, and was allowed to explore freely for 3 min. In test session 2, a novel object was replaced by another object. A preference index, the ratio of time spent exploring the original object (training session) or the novel object (retention session) to the total time spent exploring both objects, was used to measure recognition memory. Differences between the two groups were analyzed by Student's t-test. In all cases, P < 0:05 was considered significant. The results are expressed as the mean AE SEM.
The novel-object recognition task is a simple test measuring visual-related memory.
9) Tang et al. estimated learning and memory in glutamate-receptor genetically modified rats by the novel object test.
Transgenic mice did not differ from normal mice in point of the exploratory ratio of two objects in the training session. After a few days, in the retention test, transgenic mice remembered the original object and devoted their time to exploring the new one. There was no significant difference in the amount of time the rats spent exploring the two objects during the training session ( Fig. 2A) .
During the retention test, one of the familiar objects used in the training session was replaced with a third novel object, and the animals were allowed to explore for 3 min. Theanine-fed and the control group exhibited a similar preference towards the novel object in the 1-h retention test. This indicates that the two groups were equally able to retain a memory of the original object for 1 h, but when the retention test was conducted 2 d later, the theanine-fed group animals exhibited a much stronger preference for the novel object than the control group (Fig. 2B) . This result suggests that the theaninefed rats used long-term memory. The theanine-fed animals showed the same proportion of cognitive behavior as the control animals in this test, but the total exploration time of the two groups was different (Fig. 2C) . That of the theanine-fed animals was shorter than that of control group animals in the training and retention sessions. A behavioral change, such as loco- (Table 1) . We suggest that this behavioral change due to theanine consumption involved a change in these emotion-relating neurotransmitters. We hypothesized that theanine consumption increased the fear or wariness of rats, but in an elevated plus-maze test, theanine consumption did not affect the fear-related behavior or locomotor activity of the rats (data not shown).
In conclusion, long-term theanine consumption might improve learning and memory, but the detailed mechanism is not clear yet, and further experiments are necessary to prove the effects of theanine on learning behavior. In addition, since other factors, such as emotional effects, cannot be fully excluded, further studies with other measurement methods for learning and memory are needed to confirm the ameliorating effects of theanine on learning and memory. 
